The purpose of thermal comfort is to specify the combinations of indoor space environment and personal factors that will produce thermal environment condi
Introduction
Thermal comfort is a subjective human response to the thermal environment. This case study was performed on school children aged 8 and 9 years. The metabolic rate of children aged 8 and 9 is proven in different studies so there was a modification of it (Ма = 1.12 Met) [1, 2] . The thermal indicators that define the level of thermal comfort are on a Fanger's scale [3] of thermal subjective sensations. Fanger's scales for thermal sensation define seven levels of subjective human response to thermal sensation: too cold, cool, slightly cool, neutral, slightly warm, warm, and hot. Indicators according to Fanger's scale have different val---------------ues for different thermal sensation, so there are in the range from -3 (too cold) to +3 (too warm), see tab. 1. Indicators are defined as predicted mean vote (PMV) and predicted percent of dissatisfied (PPD). These types of indicators are integrated in SRPS EN ISO 7730 [4] and they define the whole body temperatures. The thermal sensations of a population of 56 school children were observed in school classrooms in "France Presern", Belgrade. The only heat source was radiators from the district heating system.
Natural ventilation mechanisms
Naturally ventilated indoors has a very complex air movement, which depends on numerous variables such as: outdoor interaction, intensity of infiltration, the number of openings, the thermal inertia of walls, occupant behaviors, etc. The most important mechanism for naturally ventilated indoors is the intensity of infiltration and thermal buoyancy mechanism. An investigation was to determine primarily wind influence for objects classroom and define infiltration influence on natural ventilation. There is no mechanical ventilation in selected school, so the only air movements are natural ventilation. Because of the complex nature of air movements of natural ventilation through the building it is necessary to have experimental measurements of outdoor environment, including wind velocity and direction, temperature, relative humidity, and solar irradiation. Local meteorological station was installed on the school building roof for measurements of these outdoor environmental parameters ( fig. 1 ).
Measuring data from the local meteorological station is summarized in tab. 2, measurement period was one month during winter season, with calibration of ±0,01 m/s.
Table 2. Weibull wind distribution parameters
The Weibull function is:
The shape of the school building is L-type. Wind dataset indicates that prevailing wind direction is from north side: the frequency is 43.7% and wind velocity is 3.9 m/s. The 
Indoor experimental measurements of thermal comfort
To determine local thermal comfort indicators, it is necessary to have different instruments which register any air movements, rise temperature and humidity. In use there were 15 data loggers, black globe and hot-wire anemometer ( fig. 3) , with accuracy ±0,01 °C for data loggers and ±0,01 m/s for anemometer. Data loggers were located under every school desk, and black glove was installed at a height of 0.8 m height, which is approximately of height of seating children head. Experimental measurements were performed during winter season, so that clotting isolation for children were I cl = 1.01 clo. Thermal comfort measurements were performed for seated children, taking value of metabolism Ма = 1.12 Met. fig. 4 . The survey was one month during winter season.
To determine relative air velocity around whole children body, it is necessary to make corrections. Corrections depend on the level of activity and basal metabolic rate of children and corrections are in direct relationship with breathing.
To calculate indicators of thermal comfort it is necessary to have a radiant and operating temperature. Radiant temperature is uniform temperature of globe spheres which repre 
where U a [ms 
From experimental analysis based on SRPS EN ISO 7730 average value of PMV is -0.57 which is slightly cold based on a Fanger's scale, and average value of PPD is 12.24% (tab. 3).
Mathematical modeling

Governing equations
The mathematical model has been developed for the steady-state air flow, including turbulent dispersion model of pollutant, buoyancy effects, and radiant heat transfer model. Using diffusion approximation for radiation, known as Rosseland model [5] , the conservation equations of mass, heat, and momentum can be written in the form of partial differential equation:
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where D is the laminar diffusivity and σ -the Stefan-Boltzmann constant.
Turbulence model
Turbulence model is extended two-equation dissipative k-ε model by taking into account buoyancy effects of production term: 
where β is the air thermal expansion coefficient, ν -the laminar viscosity, ν t -the turbulent viscosity, u -the turbulent velocity, θ -the temperature fluctuations, C -the concentration, and c -the concentration fluctuation. The empirical coefficient has been found C ε3 to depend on the flow situation [6] . It should be close to zero for stably-stratified flow, and to 1.0 for unstably-stratified flows. We introduced the possibility to compute C ε3 from the function proposed by [6] :
where U P and U N are the velocity components parallel and perpendicular to the gravity vector, respectively.
Radiation model
The basic idea of radiative heat transfer model is solution of variable T rad , from a gradient-type equation with local diffusivity depended on: nature of the medium (air), on its temperature, and on the distance between nearby solid walls. Therefore, the model distinguishes two temperatures: temperature of the air (T a ) and the radiant temperature (T rad ) [7] . For solid materials which may be immersed in the medium, T rad is defined as being equal to the local solid temperature. Based on the Rosseland radiation model [8] and formulation of λ rad for both optically thick and thin media that is embedded in the PHOENICS code [9] , the expression for λ rad is: 
where X gap stands for the distance between the solid surfaces, it's reciprocal value represents additional medium resistivity; ε a and s a are effective atmospheric emissivity and scattering coefficients, respectively. There is a convenient technique to calculate X gap . It can be obtained using additional scalar variable L, which obeys the differential equation [9] :
This equation is similar to that for temperature within a uniformly conducting medium, having a uniform heat source, and in contact with solids and other surfaces at which the temperature is held at zero. Its dimension is indeed those of length squared within the fluid, and equals zero within the solid. However, it is a plausible estimate of the effective distance between walls X gap .
Determination of effective emissivity and scattering coefficients are more complex since they are influenced by the indoor environmental condition. In this study, it is accepted, the following expression for effective indoor environment emissivity:
Based on the indoor environment condition during the measurement periods and numerical simulation, as well, it is assumed constant relative humidity, whereas the concentration of CO 2 is related to the occupant behavior. Therefore, we assumed that the first three terms in eq. (18) are constant and found relation for the effective indoor air emissivity and scattering coefficients related to CO 2 only:
The constants A and B: A = 0.31 and B = 1.852E-4 were determined by experiment.
Numerical simulation
Simulation was performed in PHOENICS software code [9] . For models simulations it was in use experimental data for boundary conditions (walls, windows). Some simulation results of indicators of thermal comfort indices PMV are presented in fig. 5 for thermal figures of school children. As an example, it is taken to school children as a whole body temperature according to SRPS EN ISO 7730. On a left child, thermal figure is distinguishing two cooler areas blue and green. This is normal for the temperature of the whole body because there is core temperature (heart, lungs, stomach) and there is a temperature of peripherals (arms and legs). For left child, PMV according to Fanger's scale is slightly cold. For the right child, we can see that core area of the head and lungs is yellow and red so it is according to PMV slightly worm.
Indicators of PMV and PPD of whole school classrooms are shown in fig. 6 . It is non-uniform field of PMV values and PPD values. This non-uniformities are the result of the radiant asymmetry of cold and warm walls. The average value of PMV is -0.288 and PPD is 7.5%, which is on a Fanger's scale slightly cold value.
Model validation
To make the final assessment of the validity of the model, there is comparison with experiment, the obvious conclusion is that the ideal model is one that meets the requirements that the values of the statistical parameters, geometric mean bias (MG), geometric variance (VG), hit rate, q, and factor of two (FAC2) unity, values and statistical parameters fractional bias (FB), normalized mean square error (NMSE) zero. However, these ideal conditions are very difficult to achieve, it is necessary to adopt specific criteria for these parameters that give the assessment of the successful validation of the model. The adopted criteria are given in [7, 8] and summarized values are specified as statistical validation indicators for air temperature, radiant temperature, and PPD (tab. 4, fig. 7 ). 
Based on analysis of errors and statistical parameters of the CFD model validation, it could be concluded that the model for validation criteria is 0.8 which is satisfactory because value is above limit criteria of 0.66.
Conclusions
From experimental analysis based on SRPS EN ISO 7730 average value of PMV is -0.57 which is slightly cold based on a Fanger's scale, and average value of PPD is 12.24%. The mathematical model has been developed for the steady-state air flow, including turbulent dispersion model of pollutant, buoyancy effects and radiant heat transfer model. The turbulence empirical coefficient C ε3 has been found to depend on the flow direction. The remaining part of the task of defining models of heat transfer by radiation is the determination of the coefficients of emissivity and scattering per unit length. The coefficient of emissivity is known for solids and can be taken from a wide literature. However, coefficient emissivity and scattering of non-transparent medium, in this case, is that the air in the classroom is contaminated with carbon dioxide and water vapor and it has to be determined. Carbon dioxide and water vapor are three atomic gases that make the contaminated air in the classroom still not transparent environment, especially in the last third of the time staying in school when the average concentration of carbon dioxide raises over 2000 ppm. Based on analysis of errors and statistical indicators of the CFD model validation, it could be concluded that the model for validation criteria is 0.8 which is satisfactory because value is above limit criteria of 0.66. It is nonuniform field of PMV values and PPD values. This non-uniformities are the result of the radiant asymmetry of cold and warm walls. The average value of PMV for the modified CFD model is -0.288 and PPD is 7.5%, which is on a Fanger's scale slightly cold value. 
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